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Compound semiconductor fabrication processes deal with materials that can vary greatly in hardness and 
fragility, as well as often being very expensive. As a consequence, careful consideration should be given to 
the selection of the cutting method for preparing wafers from these materials. 
T 
he choice of cutting parame- 
ters and methods for the 
macro-sectioning of bulk ma- 
terials along with subsequent lap- 
ping and polishing operations, 
should provide crystal researchers 
with a representative cut-and-pol- 
ished section of the crystal. 
Today there are three sawing 
techniques used for compound 
semiconductor research cutting - 
annular, peripheral and wire saw. In 
production environments, the an- 
nular technique is used almost ex- 
clusively. The pros and cons of 
these three techniques are summa- 
rized inTable 1. 
Cutting modes 
Annular (I.D.) sawing is a precision 
sectioning method in which the di- 
amond blade used is specifically 
mounted at high tension, with the 
sample being fed into the blade at 
its inner annulus. The annular dia- 
mond saw blade consists of a circu- 
lar, metal foil, down to 50 Hm in 
thickness. The edge of the blade's 
central hole (the annulus) is coat- 
ed with electro-deposited ia- 
mond. The blade is clamped 
around its outer edge and uniform- 
ly stretched over the lip of a preci- 
sion-made chuck to make it stiff, as 
shown in Figure 1. 
The annular blade is an alterna- 
tive to the peripheral (O.D.) dia- 
mond saw blade that consists of a 
circular, usually metallic, disc with 
its outer edge coated with either 
electro-deposited or coated (metal 
or resin-bonded) diamond. Both 
cutting modes can be seen in the 
schematic diagrams in Figure 2, 
which shows the blade, the 
counterbalanced work arm and the 
variable loading mechanism which 
feature in a typical annular saw. 
The control of 'blade wander' 
(the lateral deflection of the blade 
as the cutting load is applied) with 
a peripheral blade is largely depen- 
dent on the inherent rigidity of the 
blade.A blade needs to be thick to 
be rigid, but this produces higher 
kerf (material loss) and thus lower 
yields. The use of cheek plates 
Table 1. Comparison of cutting modes (scores are out of 5, with 5 being optimum performance). 
/mnular Peripheral Wire $aw 
Cutting speed 4 5 1 
Work damage 4 1 5 
Kerf loss 5 1 3" 
Purchase cost 3 5 4 
Running cost 4 4 2 
Reliability 5 5 2 
Reproducibility 5 4 2 
Total 30 25 19 
*Kerf loss with a wire saw will depend on 'wander'; this will vary with the material 
hardn~ess and its uniformity. 
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Figure 1. Schematic of the annular blade mounting assembly. 
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Figure 2. Schematic of annular (top) and peripheral (bottom) cutting modes. 
Table 2. Typical yields from a 25 mm diameter crystal of GaAs 
/~nnul~lr Peripheral Wire saw 
As-cut thickness (pm) 500 800 600 
Kerf loss (/am) 175 700 1 O0 
Sub-surface work damage (~tm) 20 80 10 
Flatness 0am) _ 1 + 10 ±-20  
Lapped thickness (pm) 450 450 450 
Typical cutting time (min) 10 <10 >60 
Typical lapping time (min) 10 30 >30 
Polished wafers/cm 15 6 13 
(flanges), which increase the rigidi- 
ty of the peripheral blade, reduces 
the depth of cut that is possible for 
a given blade diameter. Sample 
loading can also have a major ef- 
fect on the peripheral blade's 
straightness of cut. 
With the annular mode, the 
blade's rigidity in the radial direc- 
tion is very high due to its mount- 
ing procedure. Cheek plates are 
unnecessary (allowing very 
straight cuts right across the 
blade's diameter) and the 'wander' 
effect on the blade of sample load- 
ing is much less pronounced. 
Wire saws operate ither with a 
diamond-impregnated steel wire, 
or with a plain tungsten wire that 
is continuously 'dosed' with abra- 
sive slurry. The wire feed is either 
controlled by a motor and pulley 
system in conjunction with a rotat- 
ing drum that holds a long length 
of wire, or with a reciprocating 
'hacksaw' type motion with a 
shorter length of wire. 
Benefits of annular 
slicing 
The benefits of the annular method 
can be summarized as follows: 
Reduced material loss: With any 
blade cutting method the width of 
the slot produced during cutting 
(kerf loss) depends on the thick- 
ness of the blade plus the already 
mentioned blade wander. Since the 
annular blade is very thin and has 
virtually zero lateral movement, 
these cutting losses are minimized 
and a larger number  of slices are 
obtained per unit length of the 
crystal (Table 2). 
Research crystal materials are 
often very difficult to manufacture 
and command a high market price. 
Aluminium nitride, for instance, 
can cost as much as $1000 cm 2. 
This means the user can realize a 
return on the initial capital expen- 
diture of a lab-scale annular saw 
(Figure 3) within 8-10 wafers of 
system installation. 
Higher quality surfaces: Because 
the sideways blade movement is 
practically zero, the surface pro- 
duced is both flatter and straighter, 
having little bow. 
M|ntmum damage: In addition to 
kerr loss, the absence of sideways 
movement reduces both surface 
and sub-surface damage caused by 
any sawing operation. This is im- 
portant for all single crystal materi- 
als, but especially for the softer 
more friable ones such as InP, GaAs 
and ZnSe. Work damage will also 
be propagated in harder materials 
such as AIN, GaN and sapphire, but 
in these types of materials the ef- 
fort required to remove it will be 
even greater. Consequently, the 
thinner, low damage and more pre- 
cisely toleranced slices reduce sub- 
sequent lapping and polishing 
times considerably. Again, the sting 
of capital equipment purchase may 
be relieved in the very short term, 
with the purchase of a bench-top 
flat-lapping system. Systems are 
available that incorporate a Draper- 
type motion and accept plate con- 
ditioning workholders, such as 
precision polishing jigs, which may 
hold up to 4-inch diameter wafers. 
Annular sawing 
The method of using annular saws 
for single crystal semiconductor 
materials is well established. 
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Figure 3. A bench-top cutting machine, the 'MICROSLICE 2' annular and peripheral saw. 
Figure 4. Cutting a sample with the annular slicing mode. 
Goniometer attachments are readi- 
ly used to translate crystal planes 
directly from the X-ray machine to 
the annular saw, for subsequent 
sectioning. 
For hard materials uch as AIN, 
SiC and sapphire the technical 
failings of other established meth- 
ods, such as 'scribe and break' 
techniques, promote the annular 
(or peripheral) sawing method for 
dicing applications of these mate- 
rials. For larger or more complex 
dicing operations, there exist bud- 
get machines able to handle 
4-inch and 6-inch wafers, which 
are again based on rapid return on 
investment. 
The purchase of single crystals 
of new and emerging compound 
semiconductor materials repre- 
sents a significant cost considera- 
tion for the research lab or small 
production facility. Any processing 
method that produces lower 
through-costs, increased yields and 
pays for itself in the short term, de- 
serves closer investigation. For the 
crystal grower, high capital equip- 
ment costs and overheads mean 
that downstream processing, such 
as cutting and polishing opera- 
tions, can add significant value to 
the product. Clearly, as shown 
here, the choice of the correct 
equipment promotes this concept 
and the promise of possible re- 
wards still further. 
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